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Abstract
Parasitological examination of cod postlarvae (14.5-35.5 mm) fed natural zooplankton (max 1
mm filter) revealed 6 helminth and 3 copepod parasites. Micro-ectoparasites were not detected.
The helminths were a pseudophyllidean cestode larva (caeca), 4 immature trematodes (Hemiurus
communis, H. luehei, Derogenes varicus, Lecithaster sp.) and larvae of the nematode Hysterothylacium
aduncum freely moving in the visceral cavity. The most common parasites found were copepods,
various stages of Caligus elongatus (skin and fins) and larvae of Holobomolochus confusus in the
nostrils. An immature Clavella adunca (Copepoda) was found once. All the parasites found are
introduced as parasites in planktonic copepods (helminths) or as planktonic larvae (copepods).
Available knowledge on the impact of these parasites on fish larvae is reviewed.

Introduction
The farming of cod (Gadus morhua) has re-
ceived increasing interest in Norway recently,
as a result of favourable market prices caused
by depletion of several important natural
stocks. The basic culture techniques have been
known for more than 100 years (Huse, 1991).
Today, larvae are either reared in land-based
tanks, submersed plastic bags or in predator-
free closed marine basins. They are fed cul-
tured zooplankton (Brachionus, Artemia) or
natural zooplankton filtered from seawater,
or simply allowed to feed on the zooplankton
community developing in the ponds they are
reared in. Many planktonic organisms are in-
termediate hosts to helminth parasites, and
zooplankton collected by filtering seawater
may also include larval stages (nauplii,
copepodites) of copepod parasites. These
parasites may affect larval fish in several
ways. Rosenthal (1967) and Balbuena et al.

(2000) observed herring larvae (Clupea

harengus) infected by a larval nematode
(Hysterothylacium aduncum) from zooplankton
copepods. These nematodes established in the
visceral cavity of the herring, grew fast and
showed increasingly violent movements and
migrations. The herring larvae were killed
some 8-11 days post-infection, through the
penetration of vital organs (heart, muscula-
ture, brain) by the parasite. Immature
trematodes and cestodes also occur in
zooplankton as larval stages, and these will
establish in the gut of fish. In cultured White
Sea herring (Clupea pallasii), larvae of certain
hemiuroid trematodes (Brachyphallus crenatus,

Lecithaster gibbosus) caused extensive mortal-
ity, apparently through destruction of the gut
mucosa (Ivanchenko & Grozdilova, 1971,
1981, 1985). Cestode larvae may harm juve-
nile fish either through blocking the gut
(Bristow, 1990) or by causing reduced food
intake (Heath & Nicoll, 1991). Larvae of
copepod parasites (copepodites) cause mor-
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tality among larval herring by attaching to
them and causing wounds (Rosenthal, 1967;
Karlsbakk et al., 2000).

During experimental culture of cod at the In-
stitute of Fisheries and Marine Biology Uni-
versity of Bergen (growth studies), numerous
relatively large sized parasites turned up fol-
lowing the use of natural zooplankton. This
initiated a parasitological study of the cod
postlarvae, reported below.

Materials and methods
Cod eggs were naturally spawned in tanks in
April 2000, at Austevoll research station in
western Norway. The broodstock were wild
caught, and originated from western Norway
(60°N). The fertilized eggs were incubated in
aerated tanks at 6°C and 3.3-3.4% salinity.
Two-day old yolk-sac larvae (N=2000 tank-1)
were distributed into green square fiberglass
tanks of 500 l, at Bergen High Technology
Center. They were reared at 9.9-10.3ºC. Ini-
tially the larvae (<10 mm) were fed a fraction
of natural zooplankton ranging from 80-
335mm, larvae and postlarvae 10-15 mm long
were given plankton 80-400mm, and fish >15
mm received zooplankton 80-1000mm.

The natural zooplankton was collected daily
at 6 m depth with a pump connected to a
Hydrotech drum-filter at Espegrend marine
station and kept in sedimentation tanks, from
which the cod was fed once daily.

The juvenile cod were examined between 21-
26 June (56-61 days old). They were killed by
pinching the brain with a pincer, and put sin-
gly into a glass petridish with 2-3 mm
seawater. Length was measured to 0.1 mm
total length. The cod were studied using a

Leica MZ12 dissecting microscope (8-100x),
after an initial verification (using salmon parr)
that ectoparasitic protozoans as small as
Ichthyobodo could be detected with this equip-
ment. A microscope with interference contrast
(Leica Aristoplan) was used to examine 30 fish
for micro-ectoparasites (verification of Leica
MZ12 results) and for photography. Exami-
nation included skin and fins, as well as
mouth and gills. In the course of the study it
was discovered that the cod were infected
with copepod larvae in their nostrils, causing
a lower sample size (N) for these.
Ectoparasites were collected, staged (caligids)
and stored in 70 % ethanol.

The cod was then carefully squeezed (when
viewed under the dissecting microscope) us-
ing an additional smaller petridish, for the
detection of endoparasites. Helminths were
quickly dissected free and transferred to and
washed in physiological saline. Trematodes
and nematodes were fixed (1 minute) in
Berland’s fluid and stored in ethanol.
Cestodes were fixed in boiling hot ethanol
(70%). Trematodes and cestodes were stained
in carmalume, and all parasites were dehy-
drated in an ethanol series, cleared in methyl
salicylate and mounted as permanent prepa-
rations in Canada balsam. Parasite measure-
ments mentioned in the text are taken from
such whole mounts.

Results
The examined cod postlarvae measured 14.5-
35.5 (23.7±4.6) mm (mean±SD).

A total of eight parasite species were detected,
representing five endoparasitic helminths and
three species of ectoparasitic copepods (Table
1). The helminths comprised a cestode larva,
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four immature trematodes and a nematode
larva (Table 1). Of these parasites, only the
copepod Caligus elongatus were mature-
adults, and none of the parasites were
oviferous. Micro-ectoparasites of the genera
Ichthyobodo, Trichodina and Gyrodactylus did
not occur.

Cestode plerocercoid larvae of Pseudophylli-
dea occurred in distended caeca. They meas-
ured 0.38-1.33 mm in length, with a maximum
of three weakly developed proglottids (Fig-
ure 1a-c).

Trematodes (Figure 1d-h) were represented by
three immature stomach infecting species,
Hemiurus communis (0.43-0.47 mm long), H.

luehei (0.66-1.01 mm) and Derogenes varicus

(0.32-0.51 mm), and a specimen of Lecithaster

sp. (0.52 mm) in the intestine. H. luehei was
deeply embedded in the mucosa in the py-
loric part of the stomach, while the other stom-
ach trematodes occurred in the cardiac and

oesophagal parts. The smallest cod infected
with H. communis was 27.3 mm, with H. luehei

18.7 mm, D. varicus 21.5 mm and Lecithaster

was found in a 24.7 mm long cod.

Nematode larvae, Hysterothylacium aduncum,
were found in the visceral cavity of two cod,
24.6 and 33.5 mm long. Conspicuous changes
in shape of the belly of these fish were seen
immediately after death of the host. The cause
was violent movements of the nematode in-
side. The nematodes measured 11.3 and 12.7
mm in length.

Copepodites of Holobomolochus confusus (Fig-
ure 2) with body length 0.43-0.61 (mean = 0.50)
mm (cephalothorax 0.19-0.22 (mean = 0.21)
mm) occurred exclusively in the nostrils of the
cod, but when studied for some time under
the dissecting microscope these were ob-
served to emerge and move about over the
skin. These parasites were detected by their
red pigmentation and characteristical Y-

seicepsetisaraP N
ecnelaverP ytisnetnI ecnadnubA

% IC nim IC xam niM xaM naeM DS

snaedillyhpoduesP 572 9.2 3.1 7.5 1 1 920.0 861.0

sinummocsuruimeH 572 7.0 1.0 6.2 1 1 700.0 580.0

ieheulsuruimeH 572 8.1 6.0 2.4 1 1 810.0 431.0

suciravsenegoreD 572 8.1 6.0 2.4 1 1 810.0 431.0

retsahticeL .ps 572 4.0 10.0 0.2 1 1 400.0 060.0

mucnudamuicalyhtoretsyH 572 7.0 1.0 6.2 1 1 700.0 580.0

susufnocsuhcolomoboloH 35 3.82 8.61 3.24 1 4 905.0 130.1

sutagnolesugilaC 192 6.81 3.41 5.32 1 3 142.0 225.0

acnudaallevalC 572 4.0 10.0 0.2 1 1 400.0 060.0

Table 1. Prevalence, intensity and mean abundance of parasites in cultured cod postlarvae fed natural
zooplankton. CI gives the 95% binomial confidence intervals and SD is the standard deviation.
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shaped dark gut contents.  Infected fish meas-
ured 22 mm or more in length, and abundance
increased with fish size (rs=0.45, P=0.001).
Maximum number of copepods in a single
nostril was 3 (30-32 mm long cod).

The caligid copepod Caligus elongatus (Figure
3) infected the postlarvae of all sizes, but
abundance increased with fish length (rs=0.21,
N= 291, P<0.001). The stage distribution
(N=70) was copepodites 11%, chalimus 66%
and adults 23%. Most C. elongatus occurred
attached with a frontal filament. Exceptions
were the copepodites, and a few adult lice
which detatched due to handling (capture in
bucket). The sites of filament-attached lice
(N=63) were operculi (40.4%), lower jaw
(17.5%), top of head (14.0%) and fins (28.1%).
The preferred fins were the dorsals (15.8%)
and the caudal (7%), and most fin-lice were
attached to the fin base. Macroscopically de-
tectable lesions were not observed in infected
fish, even in 20-22 mm long cod infected with
5 mm long filament-attached female lice.

A single immature female Clavella adunca

(Lernaeopodidae) was found attached inside
the operculum of a 28.5 mm long cod.

Figure 3. Cod postlarva with an attached Caligus
elongatus (small) female. Background: millimeter
paper copied onto a transparency (i.e. millimeter
mesh).

Figure 2. Outline of a typical Holobomolochus
confusus copepodite from a cod postlarva, ventral
view. Details not drawn. Body length 494 µm. Note
the typical Y-shaped dark gut contents. Scale bar
200 µm.
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The mortality in the tank during the last 4
weeks before sampling was stable (“normal”),
max. 1.1-1.5% week-1. The overall survival in
the tank was 24.8%, until the fish were killed
for examination.

Discussion
The parasites detected represent six helminths
and 3 copepods. The pseudophyllidean ces-
tode larvae could not be identified to species.
Relevant genera in W Norway are Eubothrium,

Bothriocephalus, Abothrium and Parabothrium.
Pseudophyllidean life cycles usually involve
a zooplankton copepod as first intermediate
host, although of the above genera only
Eubothrium and Bothriocephalus life cycles are
known. The present immature
pseudophyllideans are similar to Bothriocepha-

lus plerocercoids described from fish interme-
diate hosts (Markowski, 1935; Reimer, 1970).

The helminths detected in the cod postlarvae
are all introduced by zooplankton copepods,
which are their first (cestode and nematode)
or second (trematodes) intermediate hosts.
Hemiurus luehei is a specific parasite of clupeid
fishes, in which the trematodes mature. How-
ever, oviferous specimens may be found in the
stomach of predatory fishes, including cod,
following ingestion of H. luehei infected her-
ring or pilchard (Køie, 1984; Gibson and Bray,
1986). The other trematodes are all common
parasites of larger cod (Køie, 1984). Nothing
is known about the effects of hemiuroid
trematodes on larval or early postlarval cod.
It may be assumed, though, that these
trematodes in cod and other fish larvae can
cause similar damage to the gut mucosa as in
herring. In cultured White Sea herring larvae

(17-34 mm), infections with gastrointestinal
hemiuroids, Brachyphallus crenatus and
Lecithaster gibbosus, have been associated with
high mortalities (Ivanchenko & Grozdilova,
1971, 1981). The parasites damage the gut
mucosa and block the passage of food, caus-
ing anorexia and thereby mortality
(Ivanchenko & Grozdilova, 1985). Both
Derogenes varicus and H. luehei infections have
been found associated with mortality of cul-
tured halibut larvae, around metamorphosis
(c. 25-30 mm)(Bristow, 1990; Bristow pers.
comm.).

Intestinal cestode plerocercoids in marine fish
larvae have been reported to cause decreased
food intake (herring, Heath & Nicoll, 1991),
embolisms in hindgut (halibut, Bristow, 1990)
and erratic swimming behaviour (herring,
Rosenthal, 1967; Gallego in Heath and Nicoll,
1991). In cod, the cestodes were found in en-
larged caeca, so gut clogging is unlikely, and
infected cod also feed normally (Karlsbakk,
2000).

The larval nematode, Hysterothylacium

aduncum, is a well-documented cause of mor-
tality among fish larvae (Rosenthal, 1967;
Bristow, 1990; Balbuena et al., 2000). The
nematode may outgrow its host, and eventu-
ally kill it through tissue migrations or pen-
etration of vital organs. The cause is appar-
ently the limited immunocompetence of lar-
val fish (Zapata et al., 1997), so the typical
immobilization and encapsulation of the para-
site does not occur.

All the copepods detected infect larger cod in
nature (Kabata, 1979), as well as cultured cod
in pens and enclosed basins (E.K. unpubl.
obs., W Norway). Clavella adunca is a common
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parasite of many gadids, while C. elongatus

and H. confusus infect a range of unrelated
host species (Kabata, 1979). Copepod larvae,
such as copepodites and chalimus stages,
have caused mortality of cultured larval and
early juvenile marine fish (Rosenthal, 1967;
Raibaut et al., 1980; Karlsbakk et al., 2000). Fish
larvae and alevins, attacked by copepodites,
may be killed by the wounds caused. Each
copepodite may attach to and kill several lar-
vae (Rosenthal, 1967; Raibaut et al., 1980)
(Rosenthal identified his copepodites as
Lernaeocera sp., but his figures 7 & 8 show
caligid copepodites, probably Caligus

elongatus). Copepodites and chalimus stages
of Caligus pageti caused mortality in cultured
Diplodus sargus alevins in southern France
(Raibaut et al., 1980). C. pageti is normally a
parasite of mullets (Mugilidae), and was in-
troduced to the culture systems by natural
zooplankton used as feed. In the cod
postlarvae, no apparent effect of the C.

elongatus infections was seen, which is in
agreement with the observations by Rosenthal
(1967) of C. elongatus (syn. C. rapax) chalimus
stages on herring larvae. Apparently, the dam-
age caused through the feeding activity of fila-
ment attached C. elongatus is limited, allow-
ing the exploitation of delicate hosts.
Chalimus stages, likely C. elongatus, are com-
mon on fish larvae and fry in nature (Russell,
1933; Neilson et al., 1987). In the cod
postlarvae, there were both more and larger
lice on the larger fish, the most active swim-
mers and feeders. Increased individual activ-
ity has been found to be associated with
higher copepod parasite loads in fish (Poulin
et al., 1991). High activity, perhaps together
with a higher numbers of available sites

(space), may explain that more C. elongatus

was found on the larger cod postlarvae. This
study was initiated due to the easily detected
late chalimus stages and adult C. elongatus.
During similarly performed cod culture tri-
als the five preceding years, 1995-99, few or
none of these parasites were seen. The present
experiment was one month delayed relative
to the preceding years. Thus, an explanation
for the higher C. elongatus abundance in the
year 2000 may be increased exposure to the
spring-release of infective larvae (vide Schram
et al., 1998).
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